Dog bites are increasingly being recognized as posing a major public health problem. In the U.S., Weiss et al. reported a rate of 12.9 per 10,000 persons, for dog-bite related injuries resulting in a total of 333,687 visits to Emergency Departments 1 . Children most commonly fall victim, where the head and neck are the most frequent sites of injury accounting for some 80% of such cases.
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To date, craniocerebral injury cases caused by dog bites have been little published in the medical literature 2, 3 . Two cases of penetrating head injury from dog bites are presented and discussed in the context of the current literature on clinical and radiological evaluation, and treatment.
Case
This study was approved by the commission of ethics of the institution and we obtained the informed consent of the responsible for the patients for publication.
Case 1
On January, 2006 a previously healthy two-year-old boy was brought to the "Hospital das Clínicas" of São Paulo 12 hours after being attacked by a Rotweiller dog in the head. The boy did not lose consciousness, remained alert and responded appropriately. Examination showed a scalp injury on both sides of the head. The CT scan disclosed a depressed skull fracture in the right temporal bone, where the scalp injury was larger (Fig 1A) . The child was submitted to surgery with a large incision. There were five depressed skull fractures in the temporal and parietal bones, not directly under the scalp injury itself, which were repaired with a wide craniotomy. The next day the child presented CSF leakage on the left side from the scalp injury, and underwent surgery for a second time. The second CT scan showed a skull fracture in the left temporal bone, not revealed in the first CT scan (Fig 1B) . Surgery was carried out on this side and two depressed skull fractures were found not under the scalp wound, but some distance away (Fig 1C, 1D) . A large craniotomy was performed and the dural laceration was treated. The boy received a wide spectrum prophylactic antibiotic (oxacilin, ceftriaxone and metronidazol) for 14 days, anti-rabies and anti-tetanus vaccines, rabies immunoglobulin, where treatment was complemented with psychological therapy. At a twelve month-follow-up, the boy was normal without any handicap.
Case 2
On May, 2006 a previously healthy three-year-old girl was brought to the "Hospital das Clínicas" of São Paulo 10 hours after she had been attacked to the head by a pitbull dog. She did not lose consciousness and presented scalp injuries on both sides of the head as well as to the posterior region of the head. The girl was conscious and responded appropriately. The CT scan showed a complex depressed skull fracture in the left temporal bone; two depressed skull fractures in the occipital bone and signs of pneumocephalus. The 3D CT showed both bone and brain injuries (Fig 2) . The girl was submitted to surgery with wide exposure of the lesions. Fractures and dural lacerations were corrected and (Figs 3 and 4) . After surgical treatment she received prophylactic antibiotics (oxacilin, ceftriaxone and metronida- zol) for 14 days, anti-rabies and anti-tetanus vaccine, rabies immunoglobulin and the treatment was complemented with psychological therapy. After a follow-up of twelve months, the girl was normal without any handicap.
disCussion
The most common sites of injury caused by dog bites in children are the face, head and neck, which account for 73% of cases, against 30% in adults in the same regions [4] [5] [6] . Mitchell et al. showed that the attack site was familiar to the child in 59% of cases 2 . Although CDC Injury Center found 25 breeds to be involved in attacks, the pit bull and rottweiler breeds were responsible for 50% of all cases.
Fig 2. Case 2. (A) CT scan -a complex depressed skull fracture in the left temporal bone and two depressed skull fractures in the occipital bone; (B) Coronal CT with contrast -two depressed skull fractures in the occipital bone below the transverse sinus; (C) 3D CT -a complex depressed skull fracture in the left temporal bone (→); (D) 3D CTtwo depressed skull fractures in the occipital bone (→).

Fig 3. Case 2. (A) Scalp injury to left temporal area (→); (B) Surgical planning; (C) A complex depressed skull fracture in the left temporal bone (→); (D) Temporal dural laceration with CSF fistula (circle) .
Their jaws can generate pressures of about 200 to 400 sq. lb/psi., sufficient to perforate sheet metal 7 .
There are several reasons why young children are more likely than adults to be attacked to the head. First, children's lower stature. Second, children are more likely to lean/hold their faces close to the dog's head which is perceived as a threatening distance by dogs. Third, adults tend to provide a better defense against attacks.
The few symptoms and apparent clinical and neurological stability of present cases may give a false sense of lower severity. However, the patients presented small skull fractures, largely punctiforms due to canine teeth penetration, associated with little apparent skin and duramater lesions. Additionally, routine head CT scan were not able to disclose the small fractures exacerbating this false sense of security.
Fig 4. Case 2. (A) Scalp injuries to occipital area (→); (B) Surgical planning; (C) Two depressed skull fractures in the occipital bone; (D) Two dural lacerations with CSF fistula (→).
In the first case the child was submitted to surgery and the site of brain injury and CSF leak was identified. However, after 24h, we found CSF on the contralateral site that had not previously been recognized as there was no evidence of CSF fistula on admission, while the conventional CT scan had not shown any signs of fracture. Despite appearing only a puncture lesion, wide opening and craniotomy must explore pediatric patients with scalp injury from dog bites. The site of scalp injury often differs to the site of the skull fracture, probably by reason of the soft subcutaneous tissue and the distraction caused by the dog jaw. Thorough scalp debridment and extensive irrigation must be conducted.
In the second case we performed a head CT scan with 3D reconstruction that promptly showed the sites of the fractures which again could not be seen on the axial CT scan. Because of its higher resolution and sensitivity for this kind of fracture we prefer 3D CT scan over conventional X-rays.
Current recommendations for antibiotic prophylaxis are controversial. Smith et al. showed that there is poor evidence of benefit, while other authors have suggested using antibiotics in any dog bite injury with bone involvement, especially if there is CSF inoculation 2, 3, 8, 9 . If infection does occur, Pasteurella multocida is isolated in culture in more than 50% of the cases, followed by Staphylococcus (25%) and Streptococcus (15%) 8 . Our cases both received antibiotic therapeutic regimens with oxacillin, ceftazidime and metronidazol for 14 days. All patients must be checked for tetanus, and be submitted to immunoglobulin treatment if necessary. Anti-rabies vaccination and rabies immunoglobulin are mandatory given the nature of the injury.
Almost half of all children suffering a dog attack develop posttraumatic stress disorder 10 . Both of our child cases were followed up with psychological support.
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